Dollar spot, caused by Sclerotinia homoeocarpa F. T. Bennett, is a destructive disease of cool-and warm-season turfgrass species in North America, Europe, and Australasia (25, 35) . The disease initially appears as yellowish-green blotches on grass leaf blades which turn into creamy white, light-brown lesions. The lesions have a characteristic tan to reddish-brown margin. Under favorable conditions, circular necrotic spots, 2 to 5 cm in diameter, develop on close-cut turf. When the disease is severe, individual spots coalesce, extending to the entire width of the leaves.
On high-cut turf, affected areas develop into circular patches ranging from a few to several centimeters in diameter. Loss of large areas of turf may result if the disease is not controlled by fungicides (6, 12) . In the United States, more money is spent in the management of the disease than any other disease on turf (39) .
The systematics of S. homoeocarpa has been debated since the description of the fungus. Studies based on various anatomical and cultural characteristics, and immunological and rDNA sequencing data, have shown that the pathogen may belong either to the genera Lanzia, Moellerodiscus, or Rustroemia, rather than Sclerotinia (2, 15, 16, 18, 27) . Information on the teleomorph in S. homoeocarpa is not sufficient to validate reclassification of the fungus. Some studies have shown that dollar spot may be caused by multiple species (13, 36) ; however, a recent study suggested that the disease in the northern United States is caused by a single species (30) .
Characterization of dollar spot isolates into various biotypes based on degree of virulence, resistance to various fungicides, and vegetative compatibility has been reported (8, 11, 24, 30, 37) . The use of vegetative compatibility groups (VCGs) has been a valuable tool to measure population diversity of fungi and enable appropriate identification and characterization of individual isolates. VCGs correlate to genetically distinct populations; therefore, they have been used to determine genetic relationships among isolates of various fungi (3, 5, 31) . Markers such as auxotrophic mutants (3) and nitrate-nonutilizing mutants (20) also have been used to test compatibility, assess relatedness among strains, and subdivide populations of various fungi. In a recent study, six VCGs were identified among 1,300 isolates of S. homoeocarpa isolates collected from eight different locations in the northern United States (30) . Additionally, assessment of genetic structure and variation in a pathogen population, and precise characterization of individual isolates, is possible by the use of molecular techniques. Analysis by amplified fragment length polymorphism (AFLP) has been used to assess genetic relatedness in various plant-pathogenic fungi (7, 9, 22, 28) . This technique, based on the selective amplification of DNA fragments, is a powerful fingerprinting tool for analyzing population complexity (40) .
Characterization of the genetic diversity among isolates of S. homoeocarpa using molecular techniques could aid in the development of cultivars that are resistant to dollar spot. Additionally, elucidating the relationship between genetic variability and VCGs also could provide information to help resolve the taxonomy of the fungus. The objectives of the present study were to (i) determine VCGs among the isolates of S. homoeocarpa obtained from different geographic locations using standard tester isolates, (ii) determine the genetic diversity and the relationship between VCGs using AFLPs, and (iii) evaluate virulence of the isolates on creeping bentgrass.
MATERIALS AND METHODS
Fungal isolates. In all, 67 isolates of S. homoeocarpa collected from creeping bentgrass, annual bluegrass, Bermudagrass, and perennial ryegrass from 23 golf courses in the United States and Canada Sixty-seven isolates of Sclerotinia homoeocarpa, causing dollar spot disease in creeping bentgrass, annual bluegrass, Bermudagrass, and perennial ryegrass turf, collected from 23 golf courses in various geographical regions of the United States and Canada between 1972 and 2001, were characterized by vegetative compatibility, genetic diversity, and pathogenicity. Eleven vegetative compatibility groups (VCGs A to K) were identified among the isolates tested in this study, and five of them (VCGs G to K) were new. VCG B was the most predominant group, typifying 33 isolates (51%) tested. S. homoeocarpa isolates collected from golf courses in Pennsylvania belonged to seven VCGs (A, B, E, F, G, I, and K), whereas three groups were observed in those collected from New York (B, E, and G) and New Jersey (E, H, and I). Two isolates, one each from Pennsylvania and Canada, were incompatible when paired with the tester isolates in all possible combinations, and did not fall into any known VCG. An isolate collected from Canada was compatible with tester isolates from two VCGs (C and D). Genetic analyses using amplified fragment length polymorphism (AFLP) showed the presence of two genetically distinct groups, designated as major group and the minor group. The major group included 36 isolates collected from various golf courses in the United States and Canada. Two isolates collected from bermudagrass in Florida formed a separate cluster, the minor group. Isolates that belonged to the major group were further divided into two subgroups (1 and 2). Subgroup 1 consisted of all the isolates that belonged to VCGs A, E, G, H, and I. Three of the four isolates that belonged to VCG K also were clustered with isolates of subgroup 1. Subgroup 2 consisted of all the isolates from VCG B, and one each from VCGs F and K. Pathogenicity assays on Penncross creeping bentgrass showed significant differences (P = 0.05) in virulence among the isolates. Overall, a relationship between virulence and VCGs was observed, in which certain virulence groups corresponded to specific VCGs; however, such a relationship was not observed between virulence and AFLPs. Close similarity among isolates of S. homoeocarpa collected from different locations in the United States and Canada suggests that isolates of the same genotype could be involved in outbreaks of dollar spot epidemics at multiple locations.
were used in this study. Of these isolates, 60 were isolated from turfgrass samples received at the turfgrass disease research laboratory at The Pennsylvania State University. These samples were obtained from golf courses in Delaware, Illinois, New Jersey, New York, North Carolina, Pennsylvania, and Virginia from 1972 to 2001. Seven isolates of S. homoeocarpa were obtained from Lawrence Datnoff (University of Florida) and Tom Hsiang (University of Guelph). In addition, 11 tester isolates that belonged to six known VCGs were obtained from Joseph Vargas (Michigan State University) ( Table 1) . In this study, isolates were arbitrarily classified as contemporary or archival. Whereas contemporary isolates refer to those collected from 1993 to 2001, the archival isolates refer to those collected prior to 1993. S. homoeocarpa was isolated from turfgrass samples by surface-sterilizing 1-cm-long segments of symptomatic leaves in 0.05% sodium hypochlorite solution for 30 to 60 s, rinsing with sterilized distilled water, and plating the leaf tissues on potato dextrose agar (PDA) amended with lactic acid to 0.1%. The plates were incubated at 22°C for 2 to 4 days, after which hyphal tips of S. homoeocarpa were aseptically removed and placed on PDA plates. For long-term storage, sterilized Whatman filter paper disks were placed on PDA plates and the mycelium was allowed to grow over the disks. After the fungus had completely colonized the disks, they were removed from the culture plate and air dried, and the disks were placed in sterilized envelopes and stored at -20°C (38 (17) . The accumulation of red color in the interaction zone of incompatible pairings, caused by an accumulation of the red coloration in the cytoplasm of hyphal tips, was useful in classifying vegetative compatibility. Identification of VCGs was determined using 11 tester isolates belonging to groups A, B, C, D, E, and F. After each isolate of S. homoeocarpa was grown on PDA plates for 3 days prior to pairing, approximately 3-mm 3 blocks of the culture were placed on one side of a PDA plate containing red food color, and paired with same-size agar blocks containing a tester isolate on the opposite side of the plate. The inoculated plates were sealed with parafilm, incubated at 26°C under 12-h day-and-night cycles of fluorescent light (76 µE -2 s -1 ) for 1 week, then scored for compatibility and classified into VCGs. Isolates were classified as incompatible if a barrage zone and abundant aerial mycelia were formed at the interface of the two isolates when observed from either the top or bottom of the plate. Compatible isolates, which did not form these structures, were classified within a particular VCG (26, 30) . Isolates that were incompatible with any of the 11 tester isolates were paired against each other and tested for compatibility. These isolates were classified into new VCGs, with one isolate representative of a newly identified VCG tester. Each experiment was conducted twice.
DNA extraction. Cultures (four to five 1-mm 3 plugs) of actively growing mycelia of S. homoeocarpa were transferred into yeast extract glucose (YEG) medium in a 250-ml conical flask and grown under continuous shaking at 60 rpm at room temperature (25 to 27°C) for 7 days. Mycelial mats were harvested under vacuum, washed with sterilized distilled water, lyophilized and ground to a fine powder in liquid nitrogen, and stored over silica gel at -20°C. Total genomic DNA of the 78 isolates of S. homoeocarpa was extracted using the Qiagen DNeasy Plant Mini Kit procedure. DNA samples were checked for quality by running a minigel and stored at 4°C.
AFLP analyses. Genetic variation among the 78 isolates of S. homoeocarpa was assessed by AFLP analysis using 32 Plabeling and gel electrophoresis. AFLPs were generated according to manufacturer instructions of the AFLP System II (Life Technologies Inc., Gaithersburg, MD) with modifications (21, 28, 40) . The primary template was prepared by digesting genomic DNA with restriction endonucleases EcoR1 and Mse1 to completion and heating at 70°C for 15 min to inactivate the enzymes. The DNA fragments were ligated to the EcoR1 and Mse1 adapters for 2 h at 20°C. After termination of the reaction, the ligation mixture was diluted 10-fold with sterilized distilled water, and the fragments were preamplified by 20 polymerase chain reaction (PCR) cycles using primers in pre-amp primer mix-II (Life Technologies; 40). Preselective amplification was performed in a PE-2400 thermal cycler (Perkin-Elmer Cetus, Norwalk, CT) using a temperature profile of 94°C for 30 s, 56°C for 60 s, and 72°C for 60 s. The primers EcoR1+AG in combination with Mse1+C provided by Life Technologies were used for selective amplification of restriction fragments. Autoradiographs were obtained by exposure of the gels to Kodak BioMax MR-2 film (Eastman Kodak Co., Rochester, NY), scanned onto a computer, and each lane was scored for the presence or absence of bands. Bands were scored between molecular sizes of 80 and 385 bp using Proscore (version 2.36; DNA Proscan Inc., Nashville, TN) and represented as binary data with "1" representing the presence of a band and "0" representing its absence. The resulting binary matrices were analyzed to obtain simple matching coefficients among the isolates using NTSYS-pc (version 1.60; Exeter Software, Setauket, NY). Simple matching coefficients were clustered to generate similarity trees using the SAHN clustering program, selecting the unweighted pairgroup method with arithmetic average (UPGMA) algorithm in NTSYS-pc.
Fluorescent AFLP with automated capillary electrophoresis (fAFLP-CE) was used to examine a subset of S. homoeocarpa isolates, which included the tester isolates from each VCG and representative isolates from each AFLP group identified in the initial study. In this method, DNA fragments were amplified by a multistep procedure, originally proposed by Vos et al. (40) , and modified as follows. S. homoeocarpa template DNA was digested by EcoRI and MseI (New England BioLabs, Beverly, MA) and ligated to commercial EcoRI and MseI oligonucleotide adapters (Applied Biosystems, Foster City, CA) in a single step with incubation overnight at room temperature. The procedure described previously (33,34) was followed, with modifications as noted below. Commercial EcoRI and MseI AFLP preselective primers and AFLP core mix (Applied Biosystems) were used for the preselective amplification of the restricted and ligated fragments. The mixture was subjected to amplification at 94°C for 3 min, followed by 20 cycles of the following profile: 94°C for 20 s, 56°C for 30 s, and 72°C for 2 min, with a final hold of 60°C for 30 min (GeneAmp 9700 PCR system; Applied Biosystems).
For selective amplification, custom primers with a fluorescent WellRED D4 dye-labeled phosphoramidite (D4) added to the 5′ end of the EcoRI-AG primer (Invitrogen Life Technologies, Carlsbad, CA) were used. No modifications were made to the MseI-C primer (Qiagen, Valencia, CA). The products from the preselective amplification were diluted as described previously (33) and used as template for selective amplification. The labeled EcoRI primer at 0.05 µM and the unlabeled MseI primer at 0.10 µM were added. The mixture was subjected to a thermocycling profile of 94°C for 2 min, followed by 10 cycles of 94°C for 20 s, 1°C per cycle stepdown of annealing temperature from 66°C held for 30 s and 72°C for 2 min. This was followed by 25 cycles of 94°C for 20 s, 56°C for 30 s, and 72°C for 2 min, with a final hold of 60°C for 30 min.
Samples were prepared for capillary electrophoresis by diluting the final amplified product 1:30 (vol/vol) in commercial Sample Loading Solution (Beckman-Coulter, Fullerton, CA), which included 1% (vol/vol) Beckman-Coulter 400 BP DNA size standards. Fragment separation and detection was performed by capillary electrophoresis on each sample with a genetic analysis system (CEQ 8000; BeckmanCoulter, Fullerton, CA), beginning with a 30-s electrophoretic injection at 2.0 kV, followed by a 35-min separation at 50°C and 6.0 kV. Data was analyzed using CEQ 8000 fragment analysis software with parameters that recognized peaks exceeding a height threshold of 10% of the height of the second largest peak and slope threshold of 10. The latter parameter was determined by the minimum rate of signal increase relative to the baseline noise for the sample. A 95% confidence level was imposed upon size estimation. The size standard fit coefficient was 0.38 and used a cubic model. For AFLP analysis, maximum bin width was 1.50 nucleotides. Peaks that were clearly present, but not recognized in one or a few samples by the automated scoring, were hierarchical manually. A few minor peaks, near the analysis threshold for scoring, which appeared in most or all samples but were recognized spuriously by the software, were manually removed from the analysis.
Samples were scored as "1" if a fragment of that size was present and "0" if absent. In rare cases where two fragments were present in one bin, the bin was scored as "1" for that sample. All bins were included in the analysis, even when common to every sample (i.e., nonpolymorphic). Data were imported into the multivariate data analysis program, NTSYSpc (version 2.1; Exeter Software, Setauket, NY). The module SimQual was used to generate a similarity matrix based on simple matching coefficients, and the module SAHN was used to perform hierarchical clustering by UPGMA. The module Tree Plot was used to convert the tree matrix generated by SAHN into a dendrogram.
Pathogenicity. Creeping bentgrass (cv. Penncross) was seeded in plastic pots (10-cm-diameter) that were filled to 1 cm below the rim with granular calcine clay medium (Turface MVP; Allied Industrial Material Corp., Buffalo Grove, IL) at the rate of 0.45 kg/m 2 . Three weeks after emergence, plants were fertilized weekly with a water-soluble 20-20-20 (N-P-K) fertilizer at the rate of 1.3 g/liter of water. The grasses were maintained at a height of 2 cm.
The 78 isolates of S. homoeocarpa were grown on PDA plates at 24°C for 3 days. In all, 10 to 15 agar blocks (approximately 5 by 5 mm) with actively growing mycelia of S. homoeocarpa were placed in a 100-ml conical flask containing sterilized rye grain (Secale cereale L.). The flasks were maintained at 24°C under fluorescent light (72 µE -2 s -1 ) at 12-h day-and-night cycles for 7 days. The bentgrass was inoculated by placing one S. homoeocarpa-infested rye grain on the surface of the turf at the center of each pot. The individual pots were covered with a polyethylene bag and sealed immediately after inoculation. Plants that were not inoculated with the fungus served as controls. Treatments (the isolates) were arranged in a randomized complete block design with three replications. The pots were placed under continuous fluorescent light (155 µE -2 s -1 ) at 28°C and relative humidity of 90% to 95% in a controlled-environment chamber. Seven days after inoculation, the polyethylene bags were removed, and disease assessment (severity index, 0 to 10; 0 = plants asymptomatic and 10 ≥90% turf area symptomatic) was made based on a method modified from Warren et al. (41) . Isolates that did not produce dollar spot symptoms were considered avirulent to creeping bentgrass. The experiment was repeated once. Data from each experiment were subjected to analysis of variance using the SAS General Linear Model procedure (Statistical Analysis System, version 8.1; SAS Institute, Cary, NC).
RESULTS
Vegetative compatibility tests. Vegetative compatibility reaction between isolates was recognized as a line of profuse aerial mycelium between two complementary isolates. Classification of S. homoeocarpa isolates into different VCGs was determined by compatibility of the isolates to the standard testers. Isolates were classified into VCGs according to the classification system adopted by Powell and Vargas (30) . A total of 11 VCGs (A, B, C, D, E, F,  G, H, I , J, and K) were detected among the isolates of S. homoeocarpa tested. Of the 67 isolates tested, 50 isolates were compatible with 1 or more of the 11 established tester isolates (30) , which were grouped into six VCGs (A, B, C, D, E, and F). Although 15 isolates were not compatible with the tester isolates, they were compatible when paired with isolates in our collection and formed five new groups, designated as VCGs G, H, I, J, and K. Two isolates, S-15 and SH94544, were incompatible when paired in all possible combinations with other isolates in our collection, including the testers. These two atypical isolates were not assigned to any VCG.
The distribution of VCGs among isolates obtained from the various geographical locations is shown in Table 2 . Isolates collected from Pennsylvania showed the presence of seven VCGs (A, B, E, F, G, I, and K), whereas three VCGs each were observed in New York (B, E, and G) and New Jersey (E, H, and I). Isolates collected from the remaining locations showed the presence of a single VCG. VCG B was the most predominant group among the isolates collected between 1972 and 2002. Of the 65 isolates that were classified into specific VCGs, 33 (51%) belonged to VCG B. Four isolates each were grouped into VCGs A, F, and K (6% each), whereas VCGs E and G had 8 (12%) and 5 (8%) isolates, respectively. VCGs H, I, and J had two representative isolates each (3% each). One isolate, SH94064, was compatible with the tester isolates belonging to both VCGs C and D. All isolates within a VCG produced compatible reactions with the other isolates belonging to a particular group.
The five isolates collected from Ontario, Canada, were variable with regard to VCGs. Two of the five isolates (SH94148 and SH94064) were compatible with the standard tester isolates, whereas isolates SH94247 and SH94321 were compatible with 5030F of our collection and belonged to VCG G. Isolate SH94544 was not compatible with any of the isolates used in the Total  23  65  4  33  1  8  4  5  2  2  2  4 a VCGs A, B, C, D, E, and F are compatibility groups formed with the tester isolates, and VCGs G, H, I, J, and K are the newly formed groups.
present study. The two Florida isolates were compatible with each other and formed a separate group. AFLP analysis. AFLP analyses provided a total of 39 scorable bands within the range of 80 to 385 bp. The PCR products of molecular sizes larger than 385 bp were not scored because resolution was insufficient to discriminate bands of different molecular sizes. A similarity dendrogram generated showed polymorphisms among the isolates, indicating that the population consists of multiple genotypes (data not shown). In several cases, identical banding patterns were observed in isolates collected from a specific location. Additionally, isolates collected in Canada showed fingerprints that were identical to the isolates from the United States.
Comparison of AFLPs and VCGs. A subset of 38 S. homoeocarpa isolates, which included representative isolates from VCGs A, B, C, D, E, F, G, and H and the 11 standard tester isolates, were characterized further using the fAFLP-CE technique. The primer EcoRI-AG/MseI-C generated 52 categories (bins) of nominal fragment size, of which 16 were common to all samples; thus, 69% of the fragment size bins were polymorphic. The topology of the dendrograms was identical whether based on all fragment bins or on polymorphic bins, but branch length was longer for dendrograms based on polymorphic bins, as expected (data not shown).
Effective separation of the S. homoeocarpa tester isolates into their known VCGs was observed using the fAFLP-CE method, with the exception of the isolates from VCG C that separated into different subgroups (Fig. 1) . A dendrogram from AFLP data generated from the isolates that were analyzed in the initial study using 32 P-labeling and gel electrophoresis, along with the standard VCG testers, is shown in Figure 2 . Representative isolates that belonged to VCGs A, B, D, E, G, and J clustered into groups. A few clusters generated by the fAFLP-CE technique were slightly different from those obtained using 32 Plabeling gel electrophoresis.
In most cases, a close relationship was observed between isolates belonging to specific VCGs and AFLPs. Most isolates that had similar fingerprinting patterns belonged to a specific VCG; however, there were some exceptions. The dendrogram showed the presence of two groups among these isolates, which were designated the major group and minor group. The major group included 36 isolates collected from various geographic locations in the United States and Canada. The remaining two isolates collected from Florida formed a separate cluster, the minor group. Isolates that belonged to the major group were further divided into two subgroups (1 and 2). Subgroup 1 consisted of all the isolates that belonged VCGs A, E, G, H, and I. Three of the four isolates that belonged to VCG K also were clustered together with isolates of subgroup 1. Additionally, all the isolates that belonged to VCG A, the three isolates that belonged to VCG K (S-18, S-11, and S-20), and one from VCG H (S-44cad) clustered very closely with similarity indices near 1.0 (Fig. 2) . Subgroup 2 consisted of all the isolates that belonged to VCG B, and one each from VCGs F (5023B) and K (S-68). Although the tester isolates of VCG C and D belonged to subgroup 1, a single isolate, SH94064, that was compatible with these testers clustered with isolates in subgroup 2. Nine subgroup 1 isolates and six subgroup 2 isolates of S. homoeocarpa that were collected from different periods at various locations showed similar fingerprinting profiles (Fig. 2) . The two isolates in the minor group, Fl.Sh.A and Fl.Sh.B, collected from bermudagrass in Florida, belonged to VCG J. In contrast to the isolates of the major group, these isolates showed unique AFLP profiles and formed a separate group.
A neighbor-joining (NJ) dendrogram constructed using agglomerative clustering was very similar to that generated by UP-GMA dendrogram. Based on the topology of the NJ tree, the 38 isolates also clustered into two groups, the major group and the minor group as described above (Fig.  3) . However, variation in the clustering of isolates that belonged to the major group was observed. Whereas all the five isolates that belonged to VCG E formed a separate cluster, the standard tester isolates that belonged to VCG D clustered with isolates of group B.
Pathogenicity assays. Symptoms of dollar spot developed on creeping bent- grass inoculated with S. homoeocarpa 3 days after inoculation. All but five of the isolates caused disease symptoms. There were significant differences (P ≤ 0.05) in disease severity among the isolates of S. homoeocarpa tested. The disease severity for the 78 isolates, which included the 11 tester isolates, was 0 to 8.7. Based on disease severity, isolates were classified into four groups: (i) highly virulent (disease index 7 to 10), (ii) moderately virulent (4 to 6.9),; (iii) weakly virulent (1 to 3.9), and (iv) avirulent (0; plants asymptomatic). Of the 78 isolates, 5 were highly virulent, 30 were moderately virulent, 38 were weakly virulent, and 5 were avirulent (Table 1) .
Overall, a relationship between virulence and VCGs was observed ( Table 1 ). All five isolates that belonged to VCG F were moderately virulent, whereas both isolates that belonged to VCG I and VCG J were weakly virulent. Of the five isolates that were highly virulent on creeping bentgrass, three belonged to VCG A. All four virulent groups were observed in isolates that were grouped in VCG B, including 1 highly virulent, 13 moderately virulent, 19 weakly virulent, and 2 avirulent isolates. Two isolates which could not be grouped into any VCG, S-15 and SH94544, were weakly virulent.
Comparison of virulence of the S. homoeocarpa isolates and AFLP data showed no relationship between them. A few isolates that were avirulent exhibited fingerprints similar to those of the moderately and highly virulent isolates, and clustered together. The only exceptions were the isolates from Florida, which formed a separate AFLP group.
DISCUSSION
The use of both gel and capillary electrophoresis methods detected genetic variation among the isolates of S. homoeocarpa. Compared with gel electrophoresis, separation of amplified fragments by capillary electrophoresis was superior, with the added benefits of automation, sensitivity, and precision. Less operator input was required, and the laser detection system could detect and score fluorescently labeled fragments that were present in low concentration. A DNA standard was coelectrophoresed with every sample; therefore, the 1-bp separation of fragments was precise and size scoring was accurate (33, 34) .
AFLP analysis of the S. homoeocarpa isolates that belonged to the various VCGs collected from 1972 to 2001 showed the presence of two distinct groups. All the isolates collected from Canada, Delaware, Illinois, New Jersey, New York, North Carolina, Pennsylvania, and Virginia belonged to the major group. The similarity coefficient among isolates of the major group was approximately 0.80. However, the two isolates that were collected in Florida clustered together, forming a separate group (minor group). These isolates were obtained from bermudagrass and it is likely that host specialization could have been a factor. Further testing of isolates of S. homoeocarpa from the southeastern regions of the United States could provide a better understanding of the diversity of these isolates. It is noteworthy that certain archival isolates collected in Pennsylvania from 1972 to 1974 had fingerprints similar to those of the contemporary isolates collected in Pennsylvania from 1993 to 2000, as well as the VCG A tester isolates that were obtained from Michigan in 2000 (Fig. 2) . Results of this study are in accordance with previous reports in which isolates of S. homoeocarpa evaluated using restriction fragment length polymorphism and random amplified polymorphic DNA markers have shown high genetic similarity (11, 32) . The close similarity between the isolates collected from different golf courses at various time periods suggests that isolates that belong to the same genetic groups could be involved in simultaneous outbreaks of dollar spot epidemics in different locations. The high degree of genetic similarity between the archival and contemporary isolates of S. homoeocarpa also indicate a clonal population. There have been no reports of production of fertile apothecia in S. homoeocarpa in nature; therefore, it is unlikely that genetic variation resulted from recombination. Similarity in fingerprinting profiles of nine iso- lates that belonged to subgroup 1 and six isolates of subgroup 2 collected from various geographic locations also strongly supports this conclusion (Fig. 2) .
Vegetative compatibility has been widely used as a natural tool to subdivide fungal pathogen populations (19) . Additionally, VCGs have been effective in the interpretation of data based on genetic diversity and isolates have been classified on the basis of VCGs, as demonstrated in S. sclerotiorum (10, 19) . In the present study, some relationship between isolates that belonged to specific AFLP groups and VCGs was observed. Most isolates of S. homoeocarpa that had similar fingerprints belonged to a VCG; however, a few exceptions, in which isolates were distributed in either of the two subgroups in the major group, were observed (Fig. 2) . It should be noted that the primer set used for the fAFLP-CE technique did not always distinguish between isolates of different VCGs, such as between VCGs A and K (Fig. 2) . A Canadian isolate, SH94064, was compatible with tester isolates of two VCGs (VCGs C and D). This isolate showed similarities to both the tester isolates in AFLP analysis.
VCG B was the most frequently represented group among the S. homoeocarpa isolates tested in this study. Of the 65 isolates that were compatible with the testers, 33 isolates (51%) belonged to VCG B, of which 26 were from Pennsylvania (Table  1) . No definite conclusions on the prevalence of VCGs among isolates collected from states other than Pennsylvania could be made due to the limited number of isolates tested. Although 65 of the 67 isolates showed compatibility reactions and could be classified into VCGs, two atypical isolates, S-15 and SH94544, were not compatible with any of the 11 tester isolates. Further, these isolates were not compatible with each other or with any isolate in our collection. It would be of interest to further study the biology of these atypical isolates by comparing them with isolates from other countries.
The diversity of VCGs among the S. homoeocarpa isolates was computed by dividing the total number of isolates tested in this study (67 isolates) with the number of VCGs identified (11 groups), and the diversity appears to be relatively low (0.17; highest diversity possible is 1.0). It has been demonstrated that pathogenic isolates have low VCG diversity because these VCGs have selected advantage in infecting a specific host. Such results have been reported in studies on VCG diversity in Fusarium oxysporum (1, 20) . On the contrary, a high degree of VCG diversity (0.69) also has been reported, in which 22 VCGs were identified among 32 isolates tested (29) .
In several fungi, VCGs also have been correlated with host range, geographic location, production of secondary metabolites, and morphology (1, 14, 23, 31) . These studies have shown that isolates within a VCG appear to be more similar to each other than isolates in different VCGs. In addition to these vegetative characteristics, grouping of isolates on the basis of VCGs also has been used to study variation in virulence (4, 31) . Although pathogenicity assays did not distinguish clearly among all isolates that we tested, the use of AFLPs and VCGs aided in the definition of distinct relationships between the isolates. All of the five S. homoeocarpa isolates in VCG F were moderately virulent on creeping bentgrass, and both isolates in VCG I and VCG J were weakly virulent. Additionally, 5 of the 78 isolates tested were highly virulent, of which 3 belonged to VCG A, indicating additional similarities among the isolates. Studies have shown that virulence assays could help in subdividing populations of fungi into different groups, and that isolates within a VCG group could be similar in virulence (1, 20, 23) . In our study, however, results from the pathogenicity tests did not show a distinct pattern of relationship between virulence and VCGs in all the isolates. It is possible that the low virulence of archival isolates of S. homoeocarpa used in our study could have been due to subculturing.
Results of the present study suggest that isolates from a clonal population could be involved in outbreaks of dollar spot epidemics in various regions of the United States. The prevalence of the same genetic lineage among the archival and contemporary isolates of S. homoeocarpa also supports this hypothesis. The unique grouping of isolates obtained from Florida indicate that these isolates could be biologically Fig. 3 . Neighbor-joining dendrogram of 38 isolates of Sclerotinia homoeocarpa from the 11 vegetative compatibility groups (VCGs) constructed from fluorescent amplified fragment length polymorphism with automated capillary electrophoresis data. VCG designations are indicated on the right side. distinct, and possibly form a different species. Characterization of additional isolates from warm, temperate regions would help to determine if dollar spot is caused by one or more species in the United States. Additionally, assessment of VCGs over time would provide important information on the stability of a particular VCG of S. homoeocarpa.
